INTRODUCTION
Height is one of the measurements required for the assessment of an individual's body composition (1) , since it is employed in the calculation of clinical and nutritional parameters such as the creatinine-height index (CHI), body surface area, basal energy expenditure and especially the body mass index (BMI). The latter is a frequently used parameter for the establishment of nutritional diagnosis, for the choice of therapeutic interventions and for monitoring the health status of individuals, especially hospitalized ones (2) (3) (4) .
Monitoring anthropometric measurements can aid the prevention, control and treatment of several health issues (5) . A study of 98 adult and elderly patients hospitalized has found a prevalence of malnutrition of 4,1% according to the BMI (6), which is a much lower prevalence than national data obtained through the Brazilian Survey of Hospital Evaluation (IBRANUTRI) from 1996, which evaluated 4,000 patients from public hospitals and revealed that 48% of them were malnourished (7) .
It is worthy of note that the methods for nutritional status tracking invariably use the BMI, thereby making height measurement indispensable. Due to the impossibility to measure the height of inpatients in various situations, alternative estimation methods are necessary (2) .
Self-reported height and predictive height formulas can be cited among the methods recommended by the literature to estimate stature. These estimations can be derived from isolated measurements of body parts or from the association of several anthropometric measurements, such as arm length (AL), knee height (KH), span or demi-span (DS) (8) (9) (10) (11) (12) (13) .
Considering the importance of height estimation in patients whose real height cannot be measured, this study aims to compare the real height of hospitalized patients (standard method) with their self-reported height, recumbent height (RH) and height estimated by the formulae of Chumlea et al. (8, 9) and Rabito et al. (12) .
The end purpose is, upon completion of this study, to suggest the methods that most accurately estimate height, which can thus be used specifically in adult and elderly bedridden patients admitted to the hospital where the research was conducted.
MATERIAL AND METHODS
This in an analytical, quantitative, cross-sectional study, carried out in a general teaching hospital in the south of Brazil, between June and October 2013.
The study subjects were adults (20 to 60 years old) and elders (60 years old or more), of both genders, able to ambulate, admitted to the Internal Medicine and Surgery wards, who signed the informed consent form. Exclusion criteria were patients with amputated limbs, those with limb paralysis or those with cognitive impairment that would preclude self-reported data collection. Sample size was calculated using the SEstatNet (14) software. The number of patients considered for such were those admitted in medical and surgical clinics of the hospital in a period of five months (n = 2.400). The calculation resulted in a sample of 243 individuals, with a standard deviation of 10, sample error of 2 and 99.9% confidence level. The research was approved by the Ethics Committee for Research with Humans of the Federal University of Santa Catarina (UFSC) under the protocol number 1107/13. All the participants signed the informed consent form.
Identification and sociodemographic data and the anthropometric measurements necessary for the stature estimation methods analyzed were recorded by two of the researchers who were trained for data collection, rigorously following the study protocol. Data were entered into a protocol designed specifically for this study. The anthropometric evaluation included measurements of height, RH, KH, AL and DS. All measurements were made on the right side of the patients' bodies. The real height was measured with a Alturaexata ® stadiometer of 2.00 meters, divided in centimetres and subdivided in millimetres, which was fixed to a wall without a footer, according to the standards recommended by Jelliffe (15) .
RH was obtained with the help of the Alturaexata ® stadiometer by measuring the distance between the top of the head and the sole of the foot of individuals lying on a stretcher in the supine position (13) . KH was measured forming a 90 degree angle between the knee and the ankle of an individual in the supine position (16) . A calliper rule with a 0.1 cm sensitivity was used, with a fixed part positioned on the sole of the patient's foot and a mobile part pressed against the patella. AL was measured with the patient in the orthostatic position, with the arm flexed alongside the torso, forming a 90 degree angle with the forearm, and the palm facing inward (17) . A tape measure was used to quantify the distance between the superior edge of the acromion and the proximal end of the radium.
The DS was measured with the patient standing, in order to quantify the distance between the sternum and the distal phalanx of the middle finger, with the help of a flexible, inelastic tape measure that ran parallel to the clavicle (11) . The height estimation formulae used in the present study are listed on table I. Patients were also asked whether they knew their stature. Those who did not offer a self-reported height were excluded only from this subset of the analysis, but maintained for the other comparisons. The database was built on Microsoft Excel ® software. Statistical analysis was performed on the STATISTICA software version 7.0. All the variables were tested for normality of data with the Kolmogorov-Smirnov test. Since all variables were normally distributed, the paired t-test and the Bland and Altman (18) analysis were used to evaluate agreement, taking real height as the standard method with which were compared the others methods. In the Bland and Altman method the agreement is determined to compare the means of the results obtained by using each method and the limits of agreement are defined as the mean difference ± 1.96 SD and show to what extent the tested method varies compared to the standard method, with 95% of the differences falling within these limits. The mean difference between real height and self-reported height was verified according to age groups and years of education through analysis of variance (ANOVA). For all analyses, the significance level was p < 0.05. 
RESULTS
Among the individuals eligible for the study there was a loss of 66 subjects for refusal and 2 for missing data. The study subjects were 241 patients, of whom 117 (48.5%) were men and 124 (51.5%) were women. Among men, there were 71 adults (61%) and 46 elders (39%), whereas among women there were 88 adults (71%) and 36 elders (29%). The average age was 53-98 years among male subjects and 49-71 among females. Men had an average of 7-39 years of education, while women had 6-83 years. Adults of both genders had more years of education than the elderly (Table II) . In the adult men group, there was no statistically significant difference (p > 0.05) between real height, RH and height estimated by Rabito et al. (12) , which employs AL and DS. The aforementioned authors' formula which employs only DS and the formula developed by Chumlea et al. (8) resulted in underestimated heights, whereas self-reported height was significantly overestimated (Table III) .
Table III also shows that, in the elderly men group, the only height estimation method that showed greater agreement and no difference to real stature was RH. All other methods disagreed significantly with real height by overestimating it, except that of Chumlea et al. (9) , which resulted in underestimation. Therefore, the most accurate height estimation methods among men were RH, height estimated by the formulae of Rabito et al. (12) and self-reported height, the largest difference being 2.76 cm when employing one of the formulae of Rabito et. al. (12) in elderly men. Using the method of Chumlea et al. (8, 9) resulted in significant underestimation as long as 8.04 cm. The only method to achieve values statistically similar and greater agreement to real stature among adult women was RH. There was significant overestimation with self-reported height and the height estimation formulae, except with that of Chumlea et al. (8) , which resulted in underestimation of real stature (Table IV) . In the elderly women group, there was no statistically significant difference between real height, self-reported height and RH. The remaining estimation techniques showed significant difference, once more by overestimating the patients' statures, except for that of Chumlea et al. (9) , which resulted in underestimation (Table IV) . Similarly to height estimation among men, the most accurate formulae among women were self-reported height and the formulae of Rabito et al. (12) (the largest difference was of 2.6 cm when employing Table I . Height estimation formulae used in the present study of hospitalized patients one of Rabito et al. (12) formulae among elderly women). Other methods resulted in larger differences between estimated and real height, with the notable overestimation of 6.89 cm in the adult women group when using the formula of Chumlea et al. (8) . The self-reported stature of adult women was more overestimated than that of elderly women. Regarding self-reported height, it was clear that 90.7% of men stated knowing their stature (comprising 89% of the adult men and 93% of the elderly men), while 73% of women reported their stature (comprising 82% of adult women and 53% of elderly women). As figure 1 shows, in both genders, the mean difference between real height and self-reported height was similar according to age groups and stratification by education years (p < 0.05).
DISCUSSION
The subject composition of the present study was predominantly of adults, mostly of the female gender. This feature follows the characteristics of Brazilian population, of which women make up 51.5% and men, 48.5%, while people over 60 years old are a minority, amounting up to 12%. The average education levels of the study sample, of 6.8 years among women and 7.3 years among men, were also consistent with the national average, which is 7.3 years (19) . Three of the height estimation methods assessed in this study did not show significant difference in relation to real height: RH for all groups; self-reported height for elderly women and height estimated by the formula of Rabito et al. (12) (which takes into account two variables for adult men). These were also the techniques that resulted in the smallest mean differences in relation to real height for all study groups. RH was the only method that was accurate and concordant in estimating the stature of adults and elders of both genders. This technique is widely used in clinical practice due to its ease of measurement and independence from specific equipment, since it is usually obtained with a tape measure (10) . In this study, however, there was a choice for measuring RH with the aid of a stadiometer, equipment which is also usually available in hospital units for the assessment of stature. The goal was to verify whether the measurement precision achieved with the stadiometer would result in higher accuracy, considering that a previous study of 142 adults of both genders in the same hospital had observed significant overestimation of real height through measurements of RH in adult men and women with a tape measure, with an average difference of 3 cm (20). Luft et al. (13) developed an instrument similar to the stadiometer, called the Luft ® ruler, and tested its utilization in a report akin to the present one. In this report, estimated height was also approximate to real height, but the lack of significant difference was only present among adult men. Among women and elderly men, there was statistical difference between estimated and measured stature. Despite the good results, attention must be paid to the fact that the assessment of this measurement may be compromised in the case of skeletal or joint deformities, when the patient cannot be positioned supine (21) . Selfreported height also resulted in a small mean difference in relation to real height, however the absence of significant difference was restricted to elderly women. All study groups showed a tendency towards overestimation, especially elderly men, where stature was overestimated by 1.72 cm.
The recommendation of using self-reported height when real height measurement is infeasible has been frequent in the literature (5, (22) (23) (24) (25) (26) (27) . Nevertheless, many of these authors have found that self-reported height overestimated real height. This is thought to be associated with a desire for certain social patterns to be reached (28) . Unlike the findings of Virtuoso Junior and Oliveira-Guerra (29) and Del Duca et al. (30) , in which higher levels of education were associated with larger overestimation of stature, this study showed no such relations. Although the attainment of self-reported height is practical, one of the limitations of this method is that it requires people to know their own height. This study showed that approximately one third (27%) of women did not know this information, especially among elderly women (47%). On the other hand, the same group that denied knowing their height was the group that reported it most accurately. Some authors do not recommend the use of self-reported stature measurements for elderly individuals (30, 31) . The rationale is that, in ageing, there is a natural process of height reduction due to compression of intervertebral discs and reduction of the mineral content of the vertebrae. Possibly due to the lack of periodic assessments of stature, elderly individuals report information less precisely than young adults, since they use height measurements from their youth as a reference (30) . Such a recommendation is not consistent with the results found in the present study regarding the self-reported height of elderly women. The findings of this study regarding the height estimation formulae developed by Rabito et al. (12) , especially the one that employs AL and DS concomitantly, showed no significant difference to real height in adult men. *Difference between real height and self-reported height according to education level and age of men and women (*the figure presents the mean differences between the real height and self reported height ± standard deviation; **ANOVA test).
when equations are applied to populations similar to the derivation sample, the difference between estimated and real height seems to be minimized. This fact is likely due to the ethnical and geographical influence on individuals' statures, as well as on the length of body segments according to ethnicity (32) . There must be caution, however, in case the patient has upper limb deformities, since the variables in this equation are DS and/or AL.
Although the formulae of Chumlea et al. (8, 9) are widely recommended by international literature and frequently used in clinical practice, the findings of this study do not support their use as first-choice height estimation methods, since both showed large differences in relation to real height. The formula of Chumlea et al. (8, 9) underestimated real height by as much as 8.04 cm. Such differences may be associated with divergent characteristics between the populations, since these formulae were based on the American population. Differences this large may lead the professional to erroneous decisions regarding nutritional status assessment and diet prescription. However, these results were inconsistent with others which showed no significant difference between height estimated by Chumlea et al. (8, 9) and real height (4, 20, 34, 35) .
CONCLUSION
The technique that stood out as the most accurate and concordant for all study groups was recumbent height assessed with a stadiometer, an instrument that enhanced the precision of the measurement, contributing to results that were better than those assessed with a tape measure, according to the original methodology described in a previous study.
It is noteworthy that the best results in this study were found with methods of easy applicability and low cost, which require only a stadiometer and a tape measure, appliances usually present in hospitals.
